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MOVEABLE SLIDER FOR USE IN A DEVICE
ASSEMBLY PROCESS

BACKGROUND

During the manufacturing of devices (e.g., mechanical,
clectromechanical, and electrical devices), an assembly
device 1s typically utilized to connect components of the
device under assembly. Due to the complexity of high-tech
devices, and the cost competiveness of the high-tech imndus-
try, the components ol high-tech devices need to be
assembled 1 a precise, time eflective, and cost etlicient
manner. Examples of high-tech devices may include: com-
puting devices, storage devices, disk drives, personal com-
puters, laptop computers, server computers, mobile comput-
ers, mobile devices, efc.

In particular, as to storage devices, such as, disk drives,
the components of a storage device need to be assembled
precisely 1n a very small form-factor and clean environment,
as well as, 1n a very high speed and cost eflective manner.

Satistying the restraints of low-cost, as well as, precision
and high speed assembly for devices 1s continuously sought
after.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a side view of the internal components of a
slider system 1n a device assembly system, according to one
embodiment.

FIG. 1B 1s a top view of some of the components of the
slider system, according to one embodiment.

FI1G. 2 1s a perspective view of the slider system, accord-
ing to one embodiment.

FI1G. 3 1s perspective view of the slider system 1n a device
assembly system to assemble disk drive components,
according to one embodiment.

FIG. 4 1s a perspective view of an example of disk drive,
according to one embodiment.

DETAILED DESCRIPTION

With reference FIG. 1A, a slider system 100 for use 1n a
device assembly process to aid in performing at least one
device assembly operation, according to one embodiment,
will be hereinafter described. In one embodiment, the slider
system 100 includes a moveable slider 102 that may be
movably coupled to a slider base 104 such that the moveable
slider 102 may move components of a device (not shown) 1n
the assembly process of the device. An electronics module
110 coupled to the slider base 104 may also be used to
control the movement of the moveable slider 102, as will be
hereinafter described.

In one embodiment, electronics module 110 may include
a controller 112. Controller 112 may include an encoder 114
and a drniver 116. Controller 112 may also include other
components. Further, electronics module 110 may include: a
communications port 120; an mput/output (I/O) port 122;
and a power port 124 to receive power. Of course, 1t should
be appreciated that the electronics module 110 may include
other components to implement embodiments.

Driver 116 may provide driver output to the moveable
slider 102. In particular, driver 116, under the control of
controller 112, may transmit control signals through the
driver 116 and through a cable 130 to moveable slider 102
to control the movement of moveable slider 102. As shown
in FIG. 1A, the controller 112 may control the movement of
the moveable slider 102 from a first position 135 to a second
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2

position 137 (in the direction of line 136) during the assem-
bly process such that one of more device assembly opera-
tions may be performed at the first and/or second position
135 and 137. As will be described 1n more detail hereinafter,
a device under assembly may be mounted to the moveable
slider 102 of the slider system 100 and assembly operations
for mounting different components of the device may be

performed by a robotic device 160 at the first and/or second
position 135 and 137.

As shown 1n FIGS. 1A and 1B, in one embodiment, the
moveable slider 102 may be a magnetically controlled shider
that includes a coil 140 that interacts with opposed magnets
144 and 146 that are mounted on opposed sides of the coil
140 within the slider base 104 of the slider system 100. In
this embodiment, controller 112 through drniver 116 and
cable 130 may transmit power control signals to the coil 140
such that coil 140 i1s induced to move by the opposed
magnets 144 and 146 from the first position 135 to second
position 137. In this way, controller 112 through driver 116
and cable 130 controls a liner voice coil actuator 1mple-
mented by the coil 140 and the opposed magnets 144 and
146 to move the slider 102 between the first and second
positions 135 and 137. Also, in one embodiment, an encoder
strip 150 may be mounted within the slider base 104 in close
proximity to the magnets that may be read by the coil 140
or by another sensor of the slider 102. The encoder strip 150
provides position information of the slider 102. The position
information data from the encoder strip 150 may be trans-
mitted via cable 130 to encoder 114 of the controller 112,
such encoder 114 can read the position information, and
controller 112 can determine the position of slider 102. This
position information can be utilized by controller 112 to
ensure that slider 102 moves from the first position 133 to
the second position 137 properly. Further, it should be
appreciated that controller 112 may control the slider 102 for
movement back and forth between the first position 1335 and
the second position, or between the first position 135 and the
second position 137, and then on to further positions,
dependent upon the assembly process to be implemented.

In another embodiment, instead ol a linear voice coil
actuator configuration, to move the slider 102 between the
first position 135 and the second position 137, a motor
controlled slider that utilizes a linear motor may be utilized.
As an example, the motor controlled slider implementation
may include a linear motor that 1s attached to the slider 102
and the slider base 104, in which, the linear motor 1s
controlled by the controller 112. In particular, controller 112
may control the linear motor by transmitting control signals
through the driver 116 and the cable 130 to provide power
to the linear motor to move the motor controlled slider 102
between the first position 135 and the second position 137.
Similarly, an encoder strip 150 may be utilized, as previ-
ously described, to provide position information to the
controller 112.

As will be described 1n more detail hereinafter, one or
more robotic devices 160 may perform one or more device
assembly operations when slider 102 1s at the first position
135 and thereafter may perform one or more device assem-
bly operations when the slider 102 has been moved by the
slider system 100 to the second location 137.

In one embodiment, a computing device 162 may com-
municate with the controller 112 of the electronic module
110 through communication port 120 of the electronics
module to receive and transmit data from and to the con-
troller 112. Computing device 162 may also be 1n commu-
nication with the robotic devices 160. For example, com-
puting device 162 may command slider system 100 through
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controller 112 to stop operations 1f one of the robotic devices
160 fails or i1f a problem has occurred in the assembly
process. Siumilarly, slider system 100 under the control of
controller 112 may transmit error/problem data via commu-
nication port 120 to computing device 162 if a problem has
occurred with the slider system 100. Additionally, electron-
ics modules 110 may include an mput/output (1/0) port 122
to transmit and receive data to and from other external
devices 164 such as sensors, cameras, storage devices,
switches, etc. It should be appreciated that the links between
the communication port 120 and the computing device 162,
the links between the computing device 162 and the robotic
devices 160, and the links between the 1/0 port 122 and the
external devices 164, may be wireless or wired. However, 1t
should turther be appreciated that controller 112 may control
the movement of the slider 102 between the first position and
the second position 135 and 137 in the assembly process
independently and without a need for mput from the com-
puting device 162 and/or other external devices 164.

With brief additional reference to FIG. 2, a perspective
view ol an example of the mechanical components of the
slider system 100 will be briefly described. As shown 1n FIG.
2, the slider system 100 may include the moveable slider 102
moveably coupled to slhider base 104 1 order to move
components of the device (not shown) in the assembly
process. In this example, the slider base 104 includes a first
rectangular-shaped slider component 210 and a second
rectangular-shaped slider component 212. In this example,
the moveable slider 102 includes a top portion 218, two side
portions 220, and a bottom portion 222. Although not
particularly shown, as previously described, the slider coil
140 may extend downward from the bottom portion 222 of
the slider 102 to an internal portion of the second rectan-
gular-shaped slider component 212 of the shider base 104
where 1t 1s located between opposed magnets 144 and 146
and connected to a cable 130 (not shown) such that the
controller of the electronics module 110 through the driver
and the cable controls a liner voice coil actuator imple-
mented by the coil and the opposed magnets to move the
slider 102 between the first and second positions.

Further, the electronic modules 110 may be mounted to an
end portion of the slider base 104 as shown 1n FIG. 2. The
internal components of the electronics modules 110 have
been previously described 1n detail with reference FIG. 1A.
In this example, the electronics module 110 may be approxi-
mately rectangular shaped with a side 230 including various
openings. As an example, there may be an opening 240 for
power port 124, a pair of openings 242 for communication
ports 120, and an opening 244 for I/O port 122. It should be
appreciated that this 1s just one example of a mechanical
arrangement for the slider system 100 including the slider
base 104 and the electronics module 110 coupled thereto and
that many different types of mechanical arrangements
should be apparent to those skilled 1n the art.

With additional reference to FIG. 3, an example 300 will
be 1llustrated 1n which a first and second robotic device 302
and 304 may be utilized to perform assembly operations 1n
conjunction with the slider system 100. This example relates
to the assembly of a storage device, such as, a disk drive. In
this example, at first position 135, moveable slider 102 1s
carrying a base plate 310 having a spindle motor 345 of a
disk drive under assembly to which the first robotic device
302 mounts a disk 316. Next, as previously described, the
controller 112 of the slider system 100 transmits control
signals through the cable 130 to the moveable slider 102 to
control the movement of the slider 102 to move the movable
slider 102 and the base plate 310 to the second position 137
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4

(c.g., along line 136). At the second position 137, a second
robotic device 304 mounts a spacer 320 to the spindle motor
345 as part of the assembly process of the disk drive.

It should be appreciated that the example of the disk drive
assembly operation 1s for illustrative purposes only. It should
be appreciated that the slider system 100 may be utilized in
the assembly process ol any device. Further, 1t should be
appreciated that after movement to the second position 137,
the moveable slider 102 and the device under assembly can
be moved onto other stages of the assembly process or the
device under assembly may removed and the moveable
slider 102 moved back to the first position 133 such that the
assembly process may be repeated.

With brief reference to FIG. 4 an example of a disk drive
300 1s shown. Disk drive 300 may include a disk drive base
310. Multiple disks 316 may be rotatably mounted to the
disk drive base 12 via spindle motor 345. A head stack
assembly (HSA) 340 may be rotatably mounted to the disk
drive base 12 via an actuator pivot 342. The HSA 340 may
include an actuator body 343 from which a plurality of
actuator arms 341 extend. At least one head gimbal assembly
(HGA) 360 may be mounted to the distal end of at least one
of the actuator arms 341 and each HGA 360 may include a
head 364 to read and write data from and to a disk 316. The
opposite end of each of the plurality of actuator arms 341 1s
a supported end adjoining the actuator body 343. Therelore,
the disk drive 300 may comprise: a plurality of disks 46 for
data storage; a spindle motor 345 for rapidly spinning each
disk 346 on a spindle 348; and an HSA 340 including a voice
coill motor (VCM) (beneath position 349) for moving the
plurality of actuator arms 341 and heads 364 over the disks
316. The operations of disk drives are well known 1n the art,
this 1llustration being merely an example.

Therefore, 1n one embodiment, the previously described
slider system 100 may be utilized 1in the assembly of a
storage device, such as, a disk drive 300. Examples of the
type components ol a disk drive that may be assembled
utilizing the previously described slider system 100 may
include the assembly of: disks, spacers, disk clamps, top and
bottom VCM plates, crash stops, or any suitable disk drive
component for the assembly of a disk drive. However, 1t
should be appreciated that the previously-described slider
system 100 may be utilized to assemble any type of
mechanical, electromechanical, or electrical device.

It should be appreciated that the previously described
slider system 100 may be utilized to assemble any type of
small form-factor device precisely and may operate very
well 1 a clean assembly environment. Further, the previ-
ously described shider system 100 operates at a high speed
and 1n a cost eflective manner due to its speed. In particular,
the previously described slider system 100 reduces the
amount of space required to complete two assembly process
steps, mto elflectively one assembly space, and further
reduces the amount of cable routing and wire management
typically utilized in the assembly space. Moreover, the
previously described slider system 100 may be utilized with
existing assembly tools (e.g. robotics). In particular, two or
more operations may be performed to assemble device
components of the device at a single stage, with very high
accuracy and high speed, thereby reducing assembly costs.
The increase 1 speed, precision, and cost eflectiveness 1s
suitable for high-tech devices, such as storages devices,
including disk drives.

It should be appreciated that, as has been previously
described, controller 112 may be a computing device that
performs operations to control the movement of the move-
able slider 102 from a first position 135 to a second position
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137 (in the direction of line 136) during the assembly
process such that one of more device assembly operations
may be performed at the first and/or second position 135 and
137. The device under assembly may mounted to the move-
able slider 102 of the slider system 100 and assembly
operations for mounting different components of the device
may be performed by a robotic device 160 at the first and/or
second position 135 and 137. As previously described,
controller 112 may operate with driver 116 to transmit power
control signals to a magnetically controlled slider or a motor
controlled slider to perform these operations. Further, as
previously described controller 112 may communicate with
a computing device 162 or external devices 164 through
appropriate communication ports to implement operations.

Controller 112 may operate under the control of a pro-
gram or routine to execute methods or processes 1n accor-
dance with the embodiments previously described. For
example, such a program may be implemented as software,
a software module, firmware, etc. Further, it should be
appreciated that the terms controller, processor, logic, micro-
processor, circuitry, controller, etc., refer to any type of logic
or circuitry capable of executing logic, commands, mstruc-
tions, soltware, software modules, firmware, functionality,
etc. It should be appreciated that any type of computing
device to implement the previously described functions may
be utilized, such as, controllers, specialized testing comput-
ers, laptop computer, desktop computers, mobile devices,
tablet computers, or any suitable computing device.

It should be appreciated by those with skill 1n this art that,
although embodiments have been previously described with
reference to an electronics module 110 with controller 112
and slider system 100, 1n one type of assembly environment,
that embodiments may be utilized 1n a wide variety of
different types of assembly environments utilizing various
types ol computers, test equipment, software, interfaces, etc.

Many implementation variations are possible. In some
embodiments, the above system may be configured difler-
ently than illustrated 1n the figures above. For example,
various functionalities provided by the illustrated compo-
nents can be combined, rearranged, added, or deleted. In
some embodiments, additional or diflerent components or
controllers or processors may pertorm some or all of the
functionalities described with reference to the example
embodiment 1illustrated 1n the figures above. Many imple-
mentation variations are possible.

It should be appreciated that components of the various
embodiments may be implemented 1n hardware, software,
firmware, microcode, or any combination thereof. When
implemented 1n soitware, firmware, or microcode, the ele-
ments ol the embodiments are the program code or code
segments to perform the necessary tasks. A code segment
may represent a procedure, a function, a subprogram, a
program, a routine, a subroutine, a module, a software
package, a class, or any combination of instructions, data
structures, or program statements. The program or code
segments may be stored in a controller, computer, or pro-
cessor readable medium. The “controller readable or acces-
sible medium™ or “processor readable or accessible
medium” or “computer readable or accessible medium™ may
include any medium that can store, transmit, or transier
information. Examples of the controller/processor/computer
accessible medium include an electronic circuit, a semicon-
ductor memory device, a read only memory (ROM), a flash
memory, an erasable ROM (EROM), a floppy diskette, a
compact disk (CD-ROM), an optical disk, a hard disk, etc.
The controller/processor/computer accessible medium may
include data that, when accessed by a controller/processor/
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computer, cause the controller/processor/computer to per-
form the operations previously described.

Each of the processes, methods and algorithms described
in the preceding sections may be embodied 1n, and fully or
partially automated by, code modules executed by one or
more controllers, computers, processors, or machines con-
figured to execute computer mstructions. The code modules
may be stored on any type of non-transitory computer-
readable storage medium or tangible computer storage
device, such as hard drives, solid state memory, optical disc
and/or the like. The processes and algorithms may be
implemented partially or wholly 1n application-specific cir-
cuitry. The results of the disclosed processes and process
steps may be stored, persistently or otherwise, 1n any type of
non-transitory computer storage such as, e.g., volatile or
non-volatile storage.

The various features and processes described above may
be used mndependently of one another, or may be combined
in various ways. All possible combinations and subcombi-
nations are mtended to fall within the scope of this disclo-
sure. In addition, certain method, event, state or process
blocks may be omitted 1n some implementations. The meth-
ods and processes described herein are also not limited to
any particular sequence, and the blocks or states relating
thereto can be performed in other sequences that are appro-
priate. For example, described tasks or events may be
performed 1n an order other than that specifically disclosed,
or multiple may be combined in a single block or state. The
example tasks or events may be performed in serial, 1n
parallel, or in some other manner. Tasks or events may be
added to or removed from the disclosed example embodi-
ments. The example systems and components described
herein may be configured differently than described. For
example, elements may be added to, removed from, or
rearranged compared to the disclosed example embodi-
ments.

While certain example embodiments have been described,
these embodiments have been presented by way of example
only, and are not itended to limit the scope of the embodi-
ments disclosed herein. Thus, nothing in the foregoing
description 1s mtended to imply that any particular feature,
characteristic, step, module, or block 1s necessary or indis-
pensable. Indeed, the novel methods and systems described
herein may be embodied 1n a variety of other forms; fur-
thermore, various omissions, substitutions and changes n
the form of the methods and systems described herein may
be made without departing from the spirit of the embodi-
ments disclosed herein.

We claim:

1. A system for use 1n a device assembly process to aid in
performing at least one device assembly operation, the
system comprising:

a slider base, the slider base comprising:

a row ol magnets;

an encoder strip disposed along the slider base;

a magnetically controlled shider moveably coupled to
the slider base to move components of a device 1n the
device assembly process comprising at least one
device assembly operation being performed; and

a coil disposed on the magnetically controlled slider,
the coil configured to:
inductively move the magnetically controlled slider

relative to the magnets when driven with control
signals from a controller, and
read position information from the encoder strip; and
an electronics module coupled to an end portion of the
slider base, the electronics module comprising;
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a driver; and
the controller including the driver, the controller con-
figured to:
transmit to the coil, through the driver and a cable
directly connected between the driver and the coil,
the control signals to control movement of the
magnetically controlled slider,
recetve from the coil, through the driver and the
cable, the position mnformation; and
determine a position of the magnetically controlled
slider from the position information.

2. The system of claim 1, wheremn the magnetically
controlled slider includes a linear motor controlled slider
controlled by the controller.

3. The system of claim 1, further comprising a robotic
device to perform at least two device assembly operations.

4. The system of claim 3, wherein the at least two device
assembly operations performed by the robotic device
include mounting a disk to a spindle motor and mounting a
spacer to the disk.

5. A method for a device assembly process to perform at
least one device assembly operation, the method compris-
ng:

moving a magnetically controlled slider coupled to a

slider base to move components of the device 1n the
assembly process, the slider base comprising:
two rows ol magnets;
an encoder strip disposed along the slider base; and
a coil disposed on the magnetically controlled slider,
the coil configured to:
inductively move the magnetically controlled slider
relative to the magnets when driven with control
signals from a controller, and
read position information from the encoder strip;
wherein a driver of the controller connects, via a cable,
with the coil to transmit control signals and thereby to
control movement of the magnetically controlled slider,
wherein the cable extends within the slider base and the
magnetically controlled slider moves components of a
device 1n the device assembly process in which at least
one device assembly operation 1s performed;
transmitting, with the controller and to the coil through
the driver and the cable directly connected between the
driver and the con, the control signals to control move-
ment of the magnetically controlled slider,
receiving, with the controller and from the coil through
the driver and the cable, the position information; and

determining, with the controller, a position of the mag-
netically controlled slider from the position informa-
tion.

6. The method of claim 5, wherein the magnetically
controlled slider includes a linear motor controlled slider.

7. The method of claim 5, further comprising receiving
and transmitting data from and to a computing device.
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8. The method of claim 5, wherein a robotic device
performs at least two device assembly operations.
9. The method of claim 8, wherein the at least two device
assembly operations performed by the robotic device
include mounting a disk to a spindle motor and mounting a
spacer to the disk.
10. A non-transitory computer-readable medium having
one or more mstructions stored thereon to control moving a
magnetically controlled slider coupled to a slider base
comprising two rows ol magnets and an encoder strip
disposed along the slider base to aid 1n performing at least
one device assembly operation 1n a device assembly process,
the one or more 1nstructions executable by an electronics
module coupled to an end portion of the slider base to
implement functions including:
moving the magnetically controlled slider coupled to the
slider base to move components of the device in the
assembly process, the magnetically controlled slider
being moveable between the rows of magnets;

wherein a driver of a controller connects, via a cable, with
a coil disposed on the magnetically controlled shider to
transmit control signals and thereby to control move-
ment of the magnetically controlled shider, wherein the
cable extends within the slider base and the magneti-
cally controlled slider moves components of the device
in the assembly process 1 which at least one device
assembly operation 1s performed, wherein the coil 1s
configured to inductively move the magnetically con-
trolled slider relative to the magnets when driven with
control signals from the controller and read position
information from the encoder strip;

transmitting, with the controller and to the coil through

the driver and the cable directly connected between the
driver and the coil, the control signals to control
movement of the magnetically controlled slider,
recerving, with the controller and from the coil through
the dniver and the cable, the position information; and
determiming with the controller a position of the magneti-
cally controlled slider from the position information.

11. The non-transitory computer-readable medium of
claiam 10, wherein the magnetically controlled slider
includes a linear motor controlled slider.

12. The non-transitory computer-readable medium of
claam 10, further comprising instructions to implement
functions including recerving and transmitting data from and
to a computing device.

13. The non-transitory computer-readable medium of
claim 10, wherein, a robotic device performs the at least two
device assembly operations.

14. The non-transitory computer-readable medium of
claim 13, wherein the at least two device assembly opera-
tions performed by the robotic device include mounting a
disk to a spindle motor and mounting a spacer to the disk.
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